A vasopressor substance has been dialyzed out of the circulating blood of dogs by means of an artificial kidney. This substance is similar to hypertensin. It has been recovered from normotensive and hypotensive dogs and from animals with malignant hypertension. The method for concentration of this substance in the dialvzate is described and concentration data which, due to the loss in recoverv, is only. roughly quantitative, is given. T HE PRESENT VIEW of the mode of development of experimental renal hypertension' is that a chemical mechanism causes the elevation of the blood pressure. The components of this mechanism are the renal enzyme, renin, its plasma substrate, hypertensinogen, and the vasopressor substance, hypertensin, resulting from the interaction of renin and hypertensinogen. It is of paramount importance for the acceptance of the renin-hypertensin theory that the vasopressor substance, hypertensin, be present in the circulating blood and be recoverable from it in suffient amounts to account for the elevation of blood pressure in animals with experimental renal hypertension. The presence of renin in the circulating blood has been demonstrated by indirect means2 but the existence of hypertensin in the circulating renal venous or systemic blood of man and experimental animals has not been demonstrated beyond question. It has been presumed that the failure to recover hypertensin was due to its destruction by the enzyme, hypertensinase, or the immediate removal of hypertensin from the blood by its combination with smooth muscle in the walls of the arterioles. The other possibility is that hypertensin is an artefact, formed only
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For this purpose, we used the artificial kidney described by one of US.4 ExPERIMENTS Dogs were used in all of the experiments. They received morphine sulfate, 7.5 to 15 mg., and atropine sulfate, 0.5 mg., before the beginning of the experiment. The artificial kidney was connected to the femoral artery and femoral vein by means of rubber tubing.
The pressure in the femoral artery produces a rapid flow of blood through the kidney making it unnecessary to introduce a mechanical pump into the blood side of the system.
The circulating blood of the animals was dialyzed for three or four ninety-minute periods against 500 ml. of circulating dialyzate. mixture of dry ice and acetone. All of the dogs were heparinized. At the beginning of the experiment, they were given 4 mg./Kg. of heparin, intravenously, and throughout the experiment, they were given 0.5 mg./Kg./hour. The blood flow through the kidney was regulated by a screw clamp on the rubber tubing which returned the blood from the kidney to the femoral vein. Only in the hypertensive dogs was the blood flow of such magnitude that it There was a marked fall in the blood pressure of two of the animals after they had been attached to the artificial kidney for ten minutes. The blood pressure gradually rose again until it reached normal in one or two hours. It has been found that the fall in blood pressure was due to a toxic material which was present in the cellophane and which could be removed by boiling the cellophane in distilled water for twenty-four hours. Subsequent to this procedure no further hypotensive periods were observed in the dogs.5 Hypertensin was recovered from the dialyzates of these two animals which sustained a fall of blood pressure. Of what importance the recovery of hypertensin is in these two animals cannot be stated, since hypertensin was also present in the dialyzates of three normal animals in which there was no appreciable fall of blood pressure.
After the kidney was assembled, it was sterilized by passing steam through both the blood and dialyzate sides of the apparatus for thirty minutes and then was washed with five liters of sterile pyrogen-free saline.
The This blood was used to fill the artificial kidney and the rubber tubing connecting it to the animal. The remaining 200 ml. of blood was given by a slow intravenous drip throughout the early period of the dialysis. The pressure of the blood in the kidney was then raised by addition of blood to it with a syringe until it was equal to the arterial pressure of the dog whose blood was being dialyzed. By this procedure, there was no loss of blood or fall of blood pressure when the dialysis was started.
Normal donor dogs were used in three experiments. This procedure had to be abandoned because of the possible presence of renin or hypertensin in the blood of these animals. As a matter of fact, hypertensin was demonstrated in the dialyzate of all three of the animals which received blood from normal donor dogs. In order to be certain that the hypertensin, which was recovered in the dialyzate, came from the animals subjected to dialysis, bilaterally nephrectomized donor dogs were used. 'The animals were nephrectomized from 18-36 hours before they were bled.
All of the animals lost water during dialysis. The average loss was 100 ml. during the first ninety-minute period and 40-60 ml. during each subsequent one. Animals with hypertension may lose as much as 200 ml. of water during each period of dialysis. There is a filtration pressure across the cellophane membrane of 180 mm./Hg in an animal with a mean blood pressure of 170 mm./Hg; the artificial kidney, therefore, acts by ultrafiltration as well as by dialysis. In order to avoid dehydration, the animals must be given a constant intravenous infusion of dialyzate equal to the volume of water lost during each period of attachment to the artificial kidney.
At the conclusion of each experiment 150 mg. of protamine in 100 ml. of saline was administered intravenously to the animals to bring the clotting time back to normal.
Preparation of the Dialyzate
The dialyzates from the individual dialyzing periods, each approximately 600 ml., are shell frozen immediately in three-liter round bottom flasks in a dry ice-acetone bath. These are lyophilized, tightly stoppered and stored in the cold until further processing is possible. The dialyzate from each period is worked up as an individual preparation.
The dialyzate is reconstituted in concentrated form in the original flask by the addition to the dried cake of 5 ml. of 0.5 normal hydrochloric acid for each 100 ml. of original dialyzate. The flask is rotated until solution is complete, and the carbon dioxide gas is eliminated. on its axis at 120 rpm in a large horizontal glass cylinder partially stoppered and containing 10 ml. of distilled water. In this manner, these relatively small volumes of dialyzate are exposed to a constantly moving dialysing membrane with an area of 65 sq. cm. Dialysis is continued for ten to twelve successive fiveminute periods, the dialysing water being removed and replaced with 10 cc. of distilled water at the end of each period until the total sodium within the cellophane bag is decreased to less than 0.15 mEq. The material is then removed from the bag and stored as fraction I. The dlialyzing water is combined and evaporated under vacuum (at less than30 C.) to a volume of 5-6 ml., placed in the same cellophane bag and subjected to the same dialysing procedure. The dialysing water in this case is discarded, and the material remaining in the bag, fraction II, is combined with fraction I. (The loss of hypertensin during these dialyses is 50-60 per cent.) One-half volume of ethyl ether, C.P., is then added to the solution which is shaken thoroughly and centrifuged. The ether layer is discarded together with the insoluble material formed at the ether-water interface. The clear water layer is de-etherized and evaporatedl to a small volume under vacuum. The pH is adjusted to 7.3±0.2 using sodium hydroxide, and the final volume is adjusted, so that each ml. represents 250 ml. of the original dialyzate. The preparation is frozen until it is assayed. The final product is clear, yellow an(1 has a sodium concentration between 100 and 200 mEq. per liter, a potassium concentration of 5 to 15 mEq. pci. liter. The overall recoveryl of hypertensin, as estimated by adding it to one of two identical aliquots of the original dialyzate, is between 10 and 30 per cent. Performing all of the procedures in the cold does net improve the yield of hypertensin nor do small changes in the pH values appreciably change it.
Assays of the dialyzates are performed on mature rats anesthetized with Nembutal, 5 mg. per 100 Gm. of body weight. Both vagus nerves are cut and the trachea is cannulated.
A needle is inserted and tied into the left jugular vein; this is used for intravenous injections of the material to be assayed. The right carotid artery is cannulated and connected with a calibrated double rubber membrane manometer (Phipps and Bird) equipped with a pen for ink writing on a kymograph.
Rats are used in this experiment since 0.01 of a unit of hypertensin (Goldblatt)6 produces an appreciable rise in blood pressure, the average rise in the arterial pressure from this dose is 25 mm./Hg. The average normal blood pressure of the anesthetized rat with the vagi sectioned is between 100 and 175 mm./Hg.
All of the tests on the dialyzates are done with small volumes ranging between 0.25 and 0.50 ml. The rises in the rats' blood pressure are compared with those obtained by the injection of 0.01 unit of hypertensin prepared from standardized lyophilized powder. One unit of this standard gave an average rise in blood pressure of 32 mm./Hg in 12 nembutalized rabbits and an average 30 mm. rise in seven unanesthetized dogs. This unit is approximately equal to the Goldblatt unit.
Eleven of the dialyzates which had pressor effect were tested for their susceptibility to destruction by one or several of the following substances: hypertensinase, trypsin, acid (pH 1.0 at 100 C. for ten minutes) and alkali (pH 12.0 at 100 C. for ten minutes).
The hypertensinase used in these experiments is prepared by hemolyzing one volume of freshly drawn rat blood by adding it to eight volumes of water. One volume of 1(0 per cent sodium chloride and one volume of 1:1000 solution of MIerthiolate are then added. The pH of this solution is adjusted to 7.4i0.1, centrifuged and 0.5 volume of the clear supernatant fluid is added to a suitable aliquot of the active preparation. The mixture is incubated for two hours at 37. (fig. 3) . Eleven such preparations were tested by one or more of the above methods. In all cases the pressor effect was destroyed. SUMMARY A pressor substance has been dialyzed out of the blood of intact dogs by means of an artificial kidney. This substance conforms to all the usual tests described by Goldblatt and Edman for the identification of hypertensin.
